We study numerically the interaction of two counterpropagating (CP) optical beams near the boundary of a truncated one-dimensional photonic lattice. We demonstrate that the mutual coupling of beams suppresses the effective repulsion from the lattice edge, resulting in the formation of CP surface solitons. Such localized beams may propagate in the same, as well as in neighboring, waveguides. We also reveal that the lattice disorder reduces substantially the threshold power for the formation of CP surface states. Interaction of CP solitons in one- [7] and twodimensional [8] photonic lattices demonstrates several different regimes, including the generation of stable vector solitons at low powers. Optical lattices were shown to suppress spatiotemporal soliton instabilities with the increasing strength of the lattice modulation [7, 8] . It has also been discovered that the propagation in disordered lattices leads to the Anderson localization of CP beams [9] .
Spatial surface solitons propagating in waveguide arrays and photonic lattices have attracted considerable attention recently for their potential in all-optical photonic applications [1, 2] . However, almost all studies of surface solitons have been focused on single propagating beams, although it was recently shown that mutual interaction of counterpropagating (CP) optical beams near the edges and corners of two-dimensional photonic lattices can give rise to complicated and sometimes counterintuitive beam dynamics, including the formation of stationary surface states and spatiotemporal instabilities [3] .
Interaction between solitons that propagate in opposite directions enables mutual focusing, resulting in the formation of CP solitons [4] , for both coherent and incoherent interactions. A more detailed analysis [5] reveals that these CP solitons display a variety of instabilities accompanied by nontrivial temporal and spatial dynamics, and many subsequent theoretical and experimental studies have been devoted to this subject (see, e.g., a recent review in [6] ).
Interaction of CP solitons in one- [7] and twodimensional [8] photonic lattices demonstrates several different regimes, including the generation of stable vector solitons at low powers. Optical lattices were shown to suppress spatiotemporal soliton instabilities with the increasing strength of the lattice modulation [7, 8] . It has also been discovered that the propagation in disordered lattices leads to the Anderson localization of CP beams [9] .
In this Letter, we study the interaction of CP beams near the boundary of a truncated one-dimensional photonic lattice. We demonstrate the existence of novel CP solitons formed by the CP beams at the lattice edge, discover the threshold for the existence and instability of such solitons, and study the effect of disorder on the formation of CP surface states.
We consider the propagation of CP beams at the boundary of a one-dimensional photonic lattice, as shown schematically in Fig. 1 . For the case of a Kerr medium, we employ the model based on the wave equations in the paraxial approximation for the propagation of two mutually coherent CP beams, described by the modified system of coupled nonlinear Schrödinger equations [10] :
where x and z are scaled to the beam width and the diffraction length l D ¼ 2πn 0 d 2 =λ, respectively; C is the cross-phase modulation parameter (below, we take C ¼ 2); p is the guiding parameter; and the function I g ¼ cos 2 ðπx=dÞ describes the photonic lattice with the lattice period d. For the scaling mentioned above, we use the data from the experiments of Szameit et al. [11] . In this scaling, the input beam powers P f and P b are defined as P f ¼ R jFj 2 dx and P b ¼ R jBj 2 dx, respectively. The propagation Eqs. (1) are solved numerically by employing a numerical approach described earlier [12, 13] . In general, we find that the presence of the photonic lattice exerts a stabilizing effect on the propagation of CP beams, as compared to the propagation in bulk. However, close to the boundary of the photonic lattice, the beam dynamics change completely, and, below a certain threshold of the input power, the beams experience a strong repulsion from the lattice edge, similar to the case of single-beam propagation [1, 2] .
Figures 2a and 2b show a typical example of such repulsion for equal (but low) input powers. Both beams tunnel into the lattice without a strong mutual effect, similar to the dynamics of single beams. This type of behavior near the lattice boundary has been well understood for the single beams [2] , and it can be attributed to the action of a repulsive potential arising due to truncation in the vicinity of the boundary [14] . This result is consistent with the fact that no linear (or weakly nonlinear) surface modes are supported by the lattice edge in this case.
When either the power of one beam (see, e.g., Figs. 2c and 2d) or the equal powers of both beams are increased, one observes a sharp transition to localization at the boundary, with the formation of CP surface solitons. This phenomenon is similar to the case of two-dimensional lattices [3] . If the total input power is increased even further, a transition to instability is observed, where the CP coupled state does not stabilize, but instead develops some peculiar dynamics with the propagation. In this Letter, we are mainly interested in the formation of stationary states, so we do not discuss the dynamics in detail.
Different regimes of the CP beam propagation dynamics at the edge of the lattice are summarized in Fig. 3 , which is based on the results of many numerical simulations with equal or different powers. For fixed parameters (as in Fig. 2) , we change the input beam intensities jF 0 j 2 and jB L j 2 (or the beam powers P f and P b ). When one of the beams is weak (or absent, e.g., P b ¼ 0), a threshold power is required to create a localized state at the boundary, similar to the case of singlebeam propagation [1, 2] . Single-beam threshold power for parameters, as in Fig. 3, is 0. 45. When the backward beam is launched, it provides a clear stabilization effect and, more important, it considerably lowers the threshold power for the formation of nonlinear surface states.
The power diagram of Fig. 3 also shows that the mutual beam interaction near the lattice edge strongly affects the beam stability, since the region of the existence of stationary mutually trapped CP beams shrinks substantially (shaded area in Fig. 3 ). Outside this region, the beams experience mutual evolution and do not stabilize with propagation. Increasing crystal length moves the stability domain to lower values of both powers.
The mutual trapping of CP beams close to the lattice edge is also observed for the beams propagating in the neighboring waveguides. Figure 4 shows one such example, where the CP beams are launched into the neighboring waveguides 1 and 2. While a strong but asymmetric repulsion is observed for low input powers (Figs. 4a and 4b), both beams become self-trapped by the coupling through the barrier separating the neighboring waveguides, as shown in Figs. 4c and 4d . However, in this case the overall beam dynamics is more complicated, and the corresponding analysis is beyond the scope of this Letter.
Finally, we analyze the effect of disorder on the CP surface solitons, in wake of the recent analysis of singlebeam propagation in disordered lattices [15] . The study of light propagation in disordered media has attracted a renewed interest due to novel opportunities offered by optical systems to observe localization in random media [16, 17] . Because the localization relies on fluctuations imposed on an otherwise periodic structure, the truncation of the lattice yields additional distortion of the periodicity and induces the formation of surface states, which may exert strong influence on the wave localization [15] .
In our system, disorder is introduced by adding a certain percentage of the random field to I g , so that Eqs. (1) are modified to include the randomized lattice intensity Figure 5b shows the case with 10% disorder, when the repulsion still occurs. The localization happens above a critical level of disorder (30% for the case of stabilized CP beam in Fig. 5c ). In other words, there exists a disorder threshold for the formation of CP surface solitons, for each set of control parameters. To observe beam localization, we fix the power of one beam, P f ¼ 0:05, and vary the power of the other beam at different levels of disorder, monitoring the threshold power for the formation of surface states. We observe that, for any value of the lattice disorder, the threshold power is lower, so that disorder helps localization near the boundary of one-dimensional lattices. Figure 5a shows the threshold power for the CP beam stabilization in the presence of disorder. Compared to the single-beam stabilization, in the presence of disorder a lower percentage of disorder is needed for beam stabilization in the CP case.
In conclusion, we have analyzed numerically the mutual interaction of two CP optical beams close to the boundary of a truncated one-dimensional photonic lattice. We have demonstrated that, in spite of an effective repulsion at the lattice edge, the nonlinear coupling between forward and backward propagating beams can result in the formation of CP surface solitons. We also have revealed that disorder can substantially lower the threshold power for the surface soliton formation.
